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Abstract Ultraviolet B (UVB) irradiation has extensively be interpreted to a large extent as wound healing. An al-
been advocated for use in the investigation of cutaneous ternative approach is to study the effect of an intermediate
inflammation in vivo. Mostly doses above the threshold dose of UVB, which does not induce gross histological
of skin damage have been used. Therefore it is not clear changes, but still has a substantial effect on epidemial be-
whether the changes observed are specific effects of UVB haviour.
or to a certain extent represent wound healing. In this The aim of the present study was firstly to determine
study the dose-dependent effects of UVB on normal hu- this intermediate dose of UVB and secondly to elucidate
man skin were assessed using histology and immunohis- the sequential changes due to this UVB dose. In particu-
tochemistry. The dose of 1 MED was chosen as a dose lar, we sought to elucidate the dynamics and characteris-
unducing tissue changes with adequate morphology: no tics of the changes in epidermal proliferation, epidermal
toxicity but evident immunohistochemical changes. The differentiation and inflammation due to a single irradia-
sequential effects of this 1 MED of UVB were studied tion with an intermediate dose of UVB. To assess these
for up to 14 days after irradiation, using immunohis- changes qualitatively and semiquantitatively, immunohis-
tochemistry with a panel of monoclonal antibodies, tochemical markers for epidermal proliferation, epidermal
Substantial effects were observed, mainly on prolifera- differentiation and inflammation were evaluated, 
tion and differentiation; the markers for inflammation
did not reveal major changes. This model might be a -----------------------------------------------------------------------------
promising approach to evaluate the effect of drugs on Materials and methods
epidermal proliferation and differentiation in vivo.
Volunteers
Key words In vivo model ■ UVB • Intermediate dose 
I m m u n o h i s t och e m i s try
Introduction
Nine healthy volunteers, males and females (aged 2 3 -3 4  years), 
participated in this investigation. This study was approved by the 
local ethical committee. All volunteers gave their written informed 
consent prior to inclusion in the study.
To answer questions relating to cutaneous inflammation, UVB exposure
the response of normal human skin to ultraviolet B (UVB) For UVB exposure a Waldman UV 7001 K light cabin, emitting 
radiation has been used for decades by various groups as broad-band U V B (2 8 5 -3 1 0  nm) was used. In all volunteers the 
a classical approach in experimental dermatology [1, 2 | .  determined on non-sun-exposed skin ol the buttocks.
A i  ^  •  1 l 'S IV i \  I I ^1  4 § * ^ *1 ' I ' i a n  * v j —1 n  f  v  i  \  I i 'k  m  i v « i  i  < % I ^-'1 « » n  a « * « I -H « \  W* ■ ■*»*. I m i  a I  j %.
Most authors have evaluated the effects of three times the 
minimal erythema dose (MED) of UVB [3, 4]. irradiation 
with three times the MED, however, causes substantial
The MED is defined as the minimal dose yielding a sharply de­
marcated erythema after 24 h.
The first three volunteers were exposed to single doses of 0,
1, 2 and 3 M ED o f  UVB on three areas of 9 cm 2 on the buttocks.
damage to the epidermis, with cytolysis and sunburn cells. A challenge o f  1 MED resulted in substantial changes with respect 
Therefore the response to such a hieh dose of UVB can t0 ePidermal differentiation without inducing histological damage.i n e i u o i e ,  m e  iu s p o n s c  to su c n  a n i y i  a o s c  o i  u v d  can  Thereforei the other six volunteers were exposed to 1 MED o f
UVB on three separate areas of 9 cm2 on the buttocks.
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Sample procedure
Punch biopsies (3 mm) were taken from the UVB-exposed areas 
(one biopsy per area) after administration of local anaesthetic (X y ­
locaine 1% and adrenaline). Biopsies were taken from the first
s u
three volunteers 24 h after U V B exposure. Biopsies were taken tribution o f  tenascin in the papillary dermis was assessed using a
from the six other volunteers 1, 4  and 14 days alter 1 MED o f  six-point scale: 0, no staining; 1, sporadic staining; 2, minimal
UVB exposure (three volunteers) and 0, 2 and 10 days after 1 staining; 3, moderate staining; 4, moderate-pronounced staining; 5,
_ ___ _ _  . _ . _ . *
MED of UVB exposure (three volunteers). pronounced staining. In addition, the presence or absence of a cun-
The biopsies were embedded in Tissue Tek OCT compound linuous or discontinuous staining pattern adjacent lo the basal lam- 
(Miles Scientific, Naperville, III.), snap-frozen in liquid nitrogen ina was recorded. Cytokeratin 13/16 was scored separately for the 
and stored at — 80° C until use. Sections (7 fim) were cut, air dried basal and suprabasal compartment of the epidermis using a semi-
and fixed for 10 min in acetone/ether (60:40; Ki-67 staining) or in quantitative seven-point scale: 0, no staining; 1, sporadic staining;
acetone (other stainings) and again stored at — 8 0 ° C.
Monoclonal antibodies
2, minimal staining; 3, moderate staining; 4, moderate-pronounced 
staining; 5, pronounced staining; 6, whole epidermis stained.
The involucrin and transglutaminase expression were assessed  
by calculation o f  the ratio of positive cell layers to total cell layers 
o f  the viable epidermis. This was done at two sites; above the tip
A panel of monoclonal antibodies was used. To approximate the o f  a dermal papilla and between two dermal papillae.
number o f  cycling epidermal cells in the basal layer an antibody Inflammation (PMN, T lymphocytes and Langerhans cells) was
directed against the Ki-67 antigen was used (M IB -l,  1:50; 1m- assessed separately for the dermis and epidermis. Dermal inflam
mation was semiquantitatively evaluated by expressing the number 
o f  positively stained cells as a percentage o f  the total number of in­
filtrate cells: 0, no positive cells; 1, sporadic; 2, 1-25%; 3, 26
munotech, S.A., Marseilles, France). Antibodies against tenascin 
(T>H<i, 1:2000; obtained from A A  Verstraeten, The Netherlands 
Cancer Institute, Amsterdam, The Netherlands) and against cytok­
eratin 13/16 (K s 8 .12, 1:20; Sigma, St. Louis, Mo.) were used lor 50%; 4 , 51-75% ; 5,’ 76-99% ; 6, 100%. Epidermal inflammation 
proliferation-associated dermal and epidermal changes, respec- was assessed using a five-point scale: 0, no staining; I, sporadic 
lively. To assess epidermal differentiation monoclonal antibodies staining; 2, minimal staining; 3, moderate staining; 4, pronounced 
against involucrin (MON-15() [5], 1 :25) and antihuman ker-
atinocyte transglutaminase (1 :1 0 0 ,  mouse monoclonal antibody,
IgG2a; Biomedical Technologies) were used.
The inflammatory infiltrate was analysed by assessment of T Statistical evaluation 
lymphocytes, polymorphonuclear leucocytes (PMN) and Langer-
hans cells using monoclonal antibodies against the CD2 antigen Data are reported as means ± SEM. For statistical analysis the
(D A K O -T l1 ,1 :  100; Dakopatts, Copenhagen, Denmark), elastase Mann-Whitney ranking test for unpaired data was used; a P-value
(DAKO-elastase, 1:100; Dakopatts) and the CD I a antigen (DAKO- < 0.05 was taken as statistically significant. In the figures, the as-
T6, 1:100; Dakopatts), respectively. terisks above the error bars indicate the first statistically significant
changes in relation to the starting point.
Staining procedure
For all monoclonal antibodies, except DAKO-T1 1 and DAKO-T6, Results 
an indirect immunoperoxidase technique was used. The slides were
fixed for 10 min in acetone/ether (60/40%') for Ki-67 staining or in M in im a l  e r v th e m a  d o s e  
acetone for the other stainings. The slides were air dried and put in 1 ' c
a phosphate buffer (PB; 72 inM  Na2H P 0 4 and 28 mM Nal-LPO.,). 
Only the slides stained with antielastase were preincubated with 
0.03% H-,0-, in methanol for 20 min. All antibodies were diluted
in PB. The slides were incubated with the different primary mono- q 4 J A'm~ 
clonal antibodies for 30 min. After washing with PB the slides 
were incubated with Ihe secondary antibody, rabbit-antimouse im ­
munoglobulin conjugated with peroxidase diluted in PB containing 
5% human AB serum (1 :50, RAM-PO, Dakopatts) for 30 min. A f­
ter washing with PB and demineralized water a 3-amino-9-ethyl- 
earbazole (AEC) solution was used for visualization.
The volunteers had skin types varying from 2 to 4 (Htz- 
patrick-Pathak classification); the MED ranged from 0.2
Ï
Staining with DAKO-TI 1 and DAKO-T6 was done using an The MED was determined in each volunteer. Biopsies of
indirect peroxidase-antiperoxidase technique (PAP). The slides skin exposed to 0, 1, 2 and 3 MED ol UVB weie as- 
were put in PB for 10 min and preincubated with 50% normal rab- sessed histologically after 1 day. H&E Staining reve I
bit serum in PB for 20 min. After washing with PB the slides were sunburn cells, eytolysis and intracellular oedema in
incubated with the primary monoclonal antibody in a Miele mi 
crowave al 80 W for 9 min. The slides were then washed again in
síes tt from the skin sites exposed to 2 and 3
PB and incubated with rabbit-antimouse immunoglobulin (1:25, MED (Hg. 1). No toxic changes weie seen on the H<kE
RAM-lg, Dakopatts) in the microwave ai 80 W for 9 min. After slides after exposure to 'ƒ■ and 1 MED. Cytokeratin 13/16
washing in PB the slides were incubated with PAP complexes staining was not changed ill skill exposed to '/.< MED but
(1:100, peroxidase monoclonal mouse antiperoxidase complexes, was ¡ncrcased in skin exposed to 1 MED. Therefore, the
Dakopatts) in the microwave at 80 W lor 8 mm. Alter washing, ,  ,  , M R D  ^elected to e v  a I unto the d v iv u n icv  o f
this cycle was repeated. The complexes were visualized using IVIUU w a s  SCILUUI cvdliuuc dynamics 01
AEC solution. the response to UVB challenge.
All slides were counterstained with Mayer’s haematoxylin 
(Sigma, St. Louis Mo.) and mounted in glyeerol-gelatine.
Histological examination
The histological examination was performed blind by two investi
gators. The scoring methods have been used and reported previ­
ously [6].
Epidermal proliferation was measured by counting the number 
of Ki-67-positive nuclei per millimetre length of section. The dis-
Time course of clinical changes
On day 1 after exposure lo 1 of a sharply de
marcated erythema was observed that faded and decreased
normalization by day 10. Induration of the skin was 
visible on day I and also subsequently decreased with 
normalization by day 10. Pigmentation was first observed
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Fig. 1 a -c  H&E stained sections o f  normal human skin 1 day after Jollowing intermediate-dose UVB challenge. Values aie means ±
UVB challenge with (a) 1 M ED, (b) 2 MED and (c) 3 MED SEM; the asterisks above the error bars indicate the first statisti­
cally significant change (P  <  0.05) in relation to the starting point, 
a The number o f  Ki-67-positive cells per millimetre o f  section in
o f  the epidermis; b tenascin expression in the der-
on day 1 and giadually inci eased during the 14 days oi mis; c cytokeratin 13/16 expression in the suprabasal cell com part- 
observation. Scaling was first observed on day 2 after ment
UVB exposure and this increased during the 14 days of 
the investigation.
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Fig. 3 a, b Terminal differentiation following intermediate-dose Fig. 4 a, b CD2-positive cells in the dermis (a) and CD la-positive 
UVB challenge. Values are means ± SEM; the asterisks above the cells (b) in the dermis (— ) and epidermis (— ). Values are means 
error bars indicate the first statistically significant change (P  <  ±  SEM; the asterisks above the error bars indicate the first statisti- 
0.05) in relation lo the starting point. The percentage o f  (a) involu- tally significant changes (P  <  0.05) in relation to the starting point 
crin-positive cell layers and (b) transglutaminase-positive cell lay­
ers in the epidermis at the tip o f  a dermal papilla (— ) and o f  the in-
terpapillary region (-«) come more substantial. On day 10 the Ki-67-positive
count equalled the density at day 0. However, on day 14 a 
tendency to increase could again be observed.
Time course of histological changes A significant increase in tenascin expression was ob­
served on day 2 (P < 0.05) which gradually increased and 
stayed high up to day 14 (Fig. 2b). At all time points ei­
ther continuous or s tenascin expression in
The dermis and the epidermis were intact; no toxic changes, the dermis adjacent to the basal lamina was observed, 
no eytolysis and no sunburn cells were seen in the I-l&E- Ks8.12 staining (keratin 13/16 expression; Fig.2 c) in
stained slides. On day 2 a slight increase in dermal infil- the suprabasal epidermal compartment had increased sig-
trate cells was seen. On days 4 -10  parakeratosis was ob- nificantly by day 1 after UVB exposure (P < 0.05) with a
served, Acanthosis and elongated rete ridges were seen on maximum 2 days. Subsequently
day 4 increasing up to day 14. creased and tended to normalize by 14 days after UVB ex-
. No significant changes were observed in the basal 
cell compartment with respect to cytokeratin 13/16.
ration
and proliferation-associated changes
Ki-67 e
of the
■ Ki-67
(Fig. 2 a) was seen in the stratum basale 
After 1 day no change was seen in the Figure 3 a illustrates the expression of involucrin. On day
millimetre of his- 2, a significant increase was seen (F < 0.05) that had de-
tological section. After 2 days a significant increase was creased significantly by day 10 (P < 0.05) tending to nor-
< 0.05), and after 4 days this increase had be- malization by day 14.
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Transglutaminase expression (Fig. 3 b) had a time course expressed during cell proliferation are involved. PCNA is 
similar to that of involucrin. A significant increase was seen a marker for cell proliferation and is also expressed in 
with a maximum on day 2 (P < 0.05). By day 10 the expres- DNA repair [14]. Therefore, this marker does not enable 
sion had decreased and tended to normalization by day 14. the two processes to be differentiated. Ki-67, on the other
hand, is expressed exclusively in proliferating cells and 
can thus be used to study proliferation in UVB-exposed 
skin [15]. In a previous study concerning UVR exposure, 
however, intermediate-dose UV irradiation did not induce 
No CD2-positive cells were seen in the epidermis in any recruitment of cycling epidermal cells [14]. These dis- 
of the histological slides. The percentage of CD2-positive crepancies might be partially explained by the use of an- 
cells in the dermal infiltrate (Fig. 4 a) increased signifi- other light source and dose (UVB combined with UVA; 
cantly and was maximal on clay 1 (P < 0.05), after which 1 '/• MED), by the use of another antibody recognizing a 
there was a tendency towards a decrease and normaliza- different epitope of the Ki-67 molecule or by a different
i mat ion
Discussion
tion. No significant changes were observed in either der- way of processing the biopsy material [15]. Hyperprolif- 
mal or epidermal CD la expression (Fig.4b). No elastase- eration following high-dose UVB exposure is a well-es- 
positive cells were observed either in the dermis or in the tablished event 11, 10]. The present study clearly demon- 
epidermis following UVB challenge. strates the substantial induction of epidermal proliferation
following intermediate-dose UVB challenge, suggesting 
that UVB induces epidermal proliferation directly and not 
as a result of skin damage.
Tenascin is an extracellular matrix protein induced in 
The present study clearly demonstrates that UVB using hyperproliferative skin [ 16, 17] and during remodelling of 
the maximal dose that does not induce obvious histologi- the epidermis [18]. Some studies suggest that tenascin 
cal damage such as cytolysis and sunburn cells, profoundly acts as a local growth factor [19]. Tenascin was still high 
modulates epidermal proliferation and epidermal differen- 14 days after UVB exposure. The half-life time of tena- 
tiation and also interferes with inflammation. Many bio- sc in has not been established with certainty. The persis- 
chemical and histological changes due to high-dose UVB tence of tenascin might represent remodelling of the skin, 
have been described [1-4, 7, 8]. The present study ex- To the best of our knowledge, no data are available on the
tends our knowledge on the response to intermediate-dose expression of tenascin following UVB challenge.
UVB: a separation between UV damage and modulation UVB challenge altered the differentiation pattern of
of epidermal proliferation, epidermal differentiation and the keratinocytes. Keratin 16, a cytokeratin that is associ- 
inflanimation occurs following challenge with 1 MED of ated with hyperproliferative skin conditions like psoriasis
UVB. and is not expressed in normal human skin was one
The dynamics of to intermediate-dose of the first immunohistochemical changes in our study.
UVB are demonstrated in Figs.2-4. On day 1 T-cell accu- Staining with Ks8.12, the antibody recognizing keratin
mulation was observed in the dermis and the suprabasal 16, 15 and 13 [21], was predominantly seen in the basal
epidermal compartment expressed cytokeratin 13/16. On layer of normal skin and was upregulated in the supra-
day 2 the percentage of involucrin and transglutaminase- basal layers of UVB-challenged skin. Keratin 13 is not
positive cell layers had increased, dermal tenascin had in- present in adult human skin [22] and keratin 16 is not ex­
creased and the recruitment of cycling cells was enhanced pressed in basal keratinocytes. Therefore, the staining in 
profoundly. No PMN accumulation was observed. In con- the stratum basale of the epidermis is thought to be due to
trasl to a study with higher doses of UVB the number keratin 15 [23]. Since Ki-67 expression appeared after 2
of CD la-positive cells was not modulated in our study. days, cytokeratin 13/16 expression seems to precede pro-
An intriguing observation was the pronounced expres- liferation and hence may not be directly related to hyper- 
sion of the Ki-67 antigen 2 days after intermediate-dose proliferation. An alternative explanation might be that ex- 
UVB exposure. Autoradiographic studies also indicate pression of Ki-67 is delayed, so there is already prolifera- 
hyperproliferation in response to high-dose UVB [1], but tion but not yet Ki-67 expression. Indeed, Gerdes et al.
whether M-l-thymid ine-incorporation always 11] have a specific Ki-67-negative G
cell division is a matter of debate. The mitotic index curve phase for PMN between the G() and the S phase. In human 
shown by Mier et al. [ 10] does represent hyperprolifera- skin, tapestripping has been reported to induce a synchro- 
lion and seems to precede Ki-67 expression, as observed nized transition from G0 to G,, while Ki-67 expression is 
in the present study. This can be explained by delayed ex- first seen after 40-48 h [24]. This lag phase of Ki-67 ex­
pression of the Ki-67 protein [11]. The question as to pression might also explain the time gap between the ap- 
whether it is proliferation or DNA repair following DNA pearance of cytokeratin 13/16 expression and the increase 
damage that is detected after UVB exposure is the subject in Ki-67 expression observed after UVB challenge in the 
of discussion in some reports. UVR causes formation of 
pyrimidine dimers [12]. The nous repair capacity Transglutaminase and involucrin are markers for ter-
1Sof the DNA, also known as unscheduled DNA synthesis minal differentiation. Functionally,
13), repairs these defects. Thus, the same proteins as are necessary for the formation of the cornified envelope and
acts by enhancing the crosslinking of involucrin and other
proteins 15, 25]. In norms srentiating skin these
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